The aim of the present study was to compare the effects of clinical Pilates exercises with those of the standard lymphedema exercises on lymphedema developing after breast cancer treatment.
Introduction
Breast cancer is the most common type of cancer among women, and the number of women who develop breast cancer is increasing with each passing day. Today, approximately one in every eight women in the world has a risk of developing breast cancer. Although advances in breast cancer treatment such as radiotherapy, chemotherapy and surgical treatment reduce breast cancer-related mortality rates, they also lead to the development of serious complications such as lymphedema (1, 2) . In the literature, the incidence of lymphedema after breast cancer treatment is reported to range from 2% to 83% (3) (4) (5) .
Vignes et al. (6) reported that there was a relationship between the amount of radiotherapy administered after surgery and the frequency of lymphedema development. Chandra et al. (7) defined lymphedema as an irreversible chronic swelling and stated that if it was detected early, the amount of axillary radiotherapy administered could be less and the progress of lymphedema would be prevented. Several researchers reported that patients with breast cancer who presented to cancer research centers developed lymphedema caused by postoperative radiotherapy administered to axillary lymph nodes (8) (9) (10) (11) .
Lymphedema is classified into three groups according to the clinical stage. Both of the upper extremities are measured at regular intervals using a tape measure, starting from the nail root of the middle finger, up to the axillary region, and then the measurements are compared. If the difference between the two upper extremities is:
• less than 3 cm, lymphedema is classified as mild, • between 3 and 5 cm, lymphedema is classified as moderate • more than 5 cm, lymphedema is classified as severe (11, 12) .
Effects of Clinical Pilates Exercises on Patients Developing Lymphedema after Breast Cancer Treatment: A Randomized Clinical Trial
Another measurement technique used in lymphedema classification is volumetric measurement. In this measurement, if the difference between the two extremities is:
• less than 250 mL, lymphedema is classified as mild, • between 250 and 500 mL, lymphedema is classified as moderate • more than 500 mL, lymphedema is classified as severe (13) .
In the literature, many publications have indicated that patients who underwent surgery for breast cancer and then had radiotherapy, chemotherapy, hormone therapy and/or medical therapy developed lymphedema due to tissue fibrosis, and their shoulder girdle joint movements deteriorated or became restricted. These publications report that in particular, shoulder flexion, abduction, and external rotation angles decreased, that patients' activities of daily living were restricted, and that their quality of life was adversely affected (14) (15) (16) (17) .
Due to the lymphedema developing after the breast cancer surgery and radiotherapy, in addition to the reduction in arm function, deterioration is observed in body image and in posture accordingly. The flow rate of the lymphatic fluid throughout the body depends on the intermittent external pressure by skeletal muscles. Therefore, researchers emphasize that the treatment of a patient with lymphedema should include the reactivation of the patient's arm functions and also the exercises that activate the whole body (18) (19) (20) (21) .
Studies conducted to investigate breast cancer and breast cancer-related lymphedema reported that physical activity contributed to patients' quality of life and emotional status extremely positively and that it would be very necessary and useful to increase the diversity of physical activities. Implementing different exercise models, group works, social activities and Pilates training are reported to be useful for patients with breast cancer (22) .
The exercise program for patients with lymphedema should also include cardiovascular exercises contributing to the development of aerobic fitness, breathing exercises stimulating the lymph system in the thoracic region, and the appropriate amount of resistance exercises to improve muscle strength and endurance. Therefore, the exercise program to be selected should be multipurpose, but not boring for the patient. In order to use the same terminology with health professionals, it will be useful to use termed exercise models. In recent years, although attention has been paid to some exercise models such as Pilates, yoga, tai chi, and aquatic exercises, studies on this issue are few (23, 24) . In the literature, it is reported that core stability-based clinical Pilates exercises in particular activate all the body muscles. Thus, it is reported that when combined with breathing exercises, the intermittent external pressure that results from muscle contraction would stimulate ductus thoracicus due to the contraction of the diaphragm and facilitate the lymphatic flow, and thus reduce lymphatic load, and promote the immune system (22) (23) (24) (25) .
However, with the exception of one study that reported that lymphedema could be prevented if Pilates exercises were implemented, there are no studies in the literature in which Pilates exercises were used for the treatment of lymphedema (26) . Therefore, the present study was planned to examine the impact of clinical Pilates exercises on the severity of lymphedema that developed after breast cancer treatment, grip strength, shoulder function, quality of life, and social image concerns, and to compare the effectiveness of clinical Pilates exercises with that of standard lymphedema physiotherapy education. The main hypothesis of this present study was that core stability-based clinical Pilates exercises that can activate all the body muscles would reduce the severity of lymphedema developing after breast cancer.
Materials and Methods

Design
All the participants were evaluated at Dokuz Eylül University School of Physical Therapy and Rehabilitation. Informed consent was obtained from patients who participated in this study. The study was approved by the ethics committee (decision April 12, 2012; number 2012 / .
Randomization
Based on their admission to the clinic without looking at the severity of lymphedema, the patients were asked to draw one of the two cards colored blue or red, and thus they were assigned to the two study groups through this simple random sampling method. Those who drew red cards were assigned to the clinical Pilates exercise group (n=2) and those who drew blue cards were assigned to the control group (n=30). When the study started, there were 32 patients in the clinical Pilates exercise group. However, two patients were excluded from the study because one developed liver metastasis and the other discontinued treatment. Therefore, the study was completed with 60 patients, 30 in the clinical Pilates group and 30 in the control group.
Randomization Scheme
Eligible subjects n=60
Patients undergoing surgey for breast cancer. Adjuvant therapy is completed at least 1 year before and on developing lymphedema. Measurements and Questionnaires All evaluations were done by another physiotherapist to avoid mistakes. Cases and controls were chosen as the concurrent controls in an attempt to prevent bias. The patients' heights and weights were measured and recorded in centimeters (cm) and kilograms (kg) respectively. Other relevant data such as sex, site of cancer, post mastectomy duration were obtained via face-to-face interviews.
Grip strength was measured using a Jamar hand dynamometer. Measurements were consecutively repeated three times while the patient was in the standing position, with the arm close to the body and the elbow bent at 90 degrees. The highest one of these three measurements was recorded (27) .
Upper limb circumferences were measured with a tape measure starting from the proximal nail fold of the middle finger up to the armpit at 5 cm intervals when the patient was in the supine position (28) .
Upper extremity range of motion measurements were performed using a goniometer. Flexion, abduction, and internal and external rotation angles of the shoulder joint were measured when the patient was in the supine position (29) .
Social Appearance Anxiety was assessed using the Social Appearance Anxiety (SAA) Scale. To assess the functional level of upper limbs, the 30-item DASH questionnaire was administered. The measurements were compared after all the items were given scores ranging from 0 (no disability) to 100 (the most severe disability). A lower score indicated an improvement in functional status. The score for the disability/symptom scale was defined as the DASH score (32) .
Assessments were performed before the treatment and at the 8 th week of the treatment. Both groups wore pressure garments during exercises. The patients in the clinical Pilates exercise group, which was supervised by physiotherapists, were also asked to practice a home program every day that included manual lymphatic drainage training, wall extension, and Wand exercises used to improve shoulder flexibility and skin care training.
Control Group; lumbopelvic stability (core stabilization) was taught to the control group patients. They were taught how to protect core stabilization while performing activities of daily living and they were recommended to maintain a home exercise program. They were also taught how to conduct manual lymphatic drainage included in the complex decongestive therapy method, skincare, and shoulder exercises, and were instructed to perform each exercise every day. To increase their shoulder function and to reduce joint limitations, the participants were taught wall extension and Wand exercises, head and neck exercises, and exercises to improve shoulder girdle stability. In addition they were recommended to perform pumping activities and breathing exercises. The participants were given a brochure that described these exercises and were recommended to repeat these exercises at least 10 times. They were also advised to pay attention to skin care and to walk 1 hour every day. The participants were followed up through telephone calls.
Statistical analysis
The data of this study were analyzed using the Statistical Package for the Social Sciences for Windows software version 16.0 (SPSS Inc.; Chicago, IL, USA). The anthropometric data are presented as means and standard deviation. The numerically determined data are expressed in numbers and percentages. To compare the difference between the two groups, the independent samples t-test was used. For the analysis of the intra-group pre-and post-treatment results, the dependent samples t-test was used. In addition, for the analysis of survey results calculated at certain periods and rates, the Wilcoxon test was used, which is the non-parametric counterpart of the t-test. A p value of <0.05 was considered statistically significant.
Results
The study was completed with 60 patients, 30 in the clinical Pilates group and 30 in the control group.
The patients' pre-treatment demographic characteristics were similar in both groups and there was no statistically significant difference between them (Table 1) .
When the patients were compared to determine how much time later they developed lymphedema after the completion of the treatment (surgery, radiotherapy, chemotherapy) implemented following the diagnosis of breast cancer, no statistically significant difference was determined between them (p>0.05). The groups were similar in terms of the duration of lymphedema development (Table 1) .
Of the patients in the different treatments, 66.7% of the clinical Pilates exercise group and 43.3% of the control group received complex decongestive therapy.
When the two groups were compared in terms of their pre-and posttreatment scores for pain in the lymphedematous arm; severity of lymphedema; grip strength; shoulder range of motion; and disabilities of the arm, shoulder and hand (DASH); quality of life with breast cancer (QLQ-BR23); and social appearance anxiety (SAA), although there were significant improvements in all aspects in the clinical Pilates exercise group (p<0.05), the control group had no improvements in grip strength, shoulder flexion, and external rotation angles (p>0.05) ( Table 2 ).
The main objective of the study was to evaluate the efficacy of clinical Pilates exercises in reducing the severity of lymphedema. Swelling caused by lymphedema is not even across the limb. Therefore, measurement of lymphedema must be performed from distal to proximal at frequent intervals. In the present study, measurements were performed bilaterally in the upper extremities at 5 cm intervals starting from the nail root of the middle finger up to the axilla. The effectiveness of the treatment was assessed by measuring the severity of edema at the beginning and end of the treatment. When the two groups were compared in terms of the reduction of the severity of edema in line with the data related to the upper extremity measurements, clinical Pilates exercises were found more effective than standard exercises. Statistical comparisons revealed that measurements of each region of the upper extremity in the clinical Pilates group were more significant than those in the control group (p<0.05) (Table 3 ).
However, when the two groups were compared in terms of reduction in the severity of lymphedema after treatment, there were significant decreases in all regions except the axillary region (p<0.05), which supports the fact that the severity of lymphedema decreased more in patients in the clinical Pilates group (Table 4 ).
Discussion and Conclusions
In Turkey, breast cancer ranks the first of the 10 most common cancers among women (33) .
Therefore, in the present study, the efficacy of clinical Pilates exercises in the treatment of lymphedema that develops after breast cancer treatment was investigated. At the end of the present study, it was determined that lymphedema decreased, and upper limb function and quality of life increased in the clinical Pilates exercises group supervised by physiotherapists, and that clinical Pilates exercises were more effec- Lymphedema after breast cancer treatment is caused by inflammation, infection, and disruption of the lymphatic system due to radiation-related fibrosis of soft tissues, which disrupts patients' upper extremity functions (34, 35) . All patients included in this present study underwent surgery. Ninety-six percent of the patients underwent radiochemo-medical therapy and / or hormonal therapy. The duration of lymphedema development among them was close to each patient's.
Schmitz et al. (35) argued that exercise training increased the capacity of the muscular and cardiovascular systems by loading controlled physiologic stress onto the body, and could improve collaterals as in the arterial system, which would thus facilitate lymphatic flow in patients with lymphedema (36) .
Several studies conducted to investigate lymphedema after breast cancer treatment reported that physical activity generally contributed to patients' quality of life and emotional status extremely positively. However, they also reported that increasing the diversity of physical activities was of great importance because this may create alternative exercise options in the treatment of lymphedema. It has been reported that different exercise models, group exercise, social activity-oriented exercises, and Pilates training might be useful in patients with lymphedema (19, 20, 22, 24, 26) .
A review of the literature in line with this information revealed that patients with breast cancer used Pilates exercises to improve their quality of life, shoulder function, and body image. However, no detailed exercise program was implemented in the treatment of lymphedema, a chronic disease that develops after breast cancer treatment. Studies demonstrated that when combined with breathing exercises, Pilates exercises were capable of activating the whole body together and promote the quality of life and functionality by improving body image; therefore, they could be used in the treatment of chronic diseases such as lymphedema that deteriorate life quality (26, 37-39). In the present study, which was conducted to investigate the effects of clinical Pilates exercises as a treatment option in patients who develop lymphedema after breast cancer treatment with group exercises, the patients' socialization improved, their awareness of their own body increased after they learned how to control their body in general, and their quality of life improved. Moreover, the severity of lymphedema decreased due to improvements in functionality and the constant union of mind and body through body stability. In the present study, the results obtained by the patients in the clinical Pilates exercise group were compared with those obtained by the control group, which performed standard lymphedema exercises, and it was determined that clinical Pilates exercises were more effective than standard lymphedema exercises in all the parameters investigated.
These effects result from the fact that spinal stabilization, which is the basis for clinical Pilates exercises, can be maintained in all activities of daily life. It is considered that spinal stabilization contributes to continuous contraction of the muscles of the trunk and the diaphragm, and thus stimulates ductus thoracicus and abdominal lymph nodes in patients with lymphedema, which facilitates lymphatic flow, and acts as a pump that accelerates the flow of lymph when combined with limb exercises (21, 36, 40) . In addition, the patients' awareness and union of mind and body were increased, and through isolated muscle exercises, they were taught that they themselves could control their muscles. In line with this cognitive restructuring, this stabilization of the trunk maintained its effects on all the body movements, and patients who learned how to correct inappropriate movements during exercises developed a positive perception of recovery. The survey results obtained after the treatment also supported this view. The results indicate that both functional independence and quality of life improved.
The results of this present study indicate that clinical Pilates exercises had positive effects on the amount of lymphedema, functional status, grip strength, and quality of life of patients with lymphedema. Patients in both the clinical Pilates and control group were recommended to wear pressure garments on the arm with lymphedema during the treatment sessions. In conclusion; given the positive effects of clinical Pilates exercises on patient with breast cancer who developed lymphedema after their treatment in terms of functionality, mood and quality of life, it was decided that it would be appropriate to include clinical Pilates exercises in physiotherapy programs as a safe exercise model. It was also considered that Clinical Pilates exercises would be a good exercise regimen for patients with lymphedema and they might adopt them as a lifestyle exercise model. However, if this view is to be supported, new studies should be performed with a greater number of patients 
